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(§) Apparatus for operating discliarge lamp. 



@ An apparatus for operating a discharge lamp 
variably permits a stable power supply circuit (10) to 
set the lamp current of a discharge lamp (40) in two 
or greater levels. A temperature detector (30) de- 
tects the temperature of the discharge lamp (40). 
V\/hen the lamp current set by the stable power 
supply circuit (10) is equal to or below a predeter- 



mined value and the temperature is equal to or 
below a predetermined level, the lower limit of the 
lamp current is increased. Accordingly, the dis- 
charge lamp (40) is lit through an inverter circuit (20) 
with the raised voltage so as to prevent lighting 
failure from occurring in the discharge lamp (40) due 
to a low lamp current at a low temperature. 
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The present invention relates to an apparatus 
for operating a discharge lamp, particularly to an 
apparatus for operating a discharge-lamp capable 
of changing the lower limit of the lamp current at a 
low temperature. 

A conventional apparatus for operating a dis- 
charge lamp, for example, a back light for use in an 
electronic device, such as a computer, is known 
which can change the lamp current whether either 
a battery or a commercially available AC power 
supply is used. When the AC power supply is 
used, for example, the luminance of the discharge 
lamp is set high regardless of power consumption 
in the electronic device. When the battery Is used, 
the luminance of the discharge lamp drops to a 
lower level to save the power, thus ensuring a 
longer use of the discharge lamp with the battery. 

If the lamp current of the discharge tamp is 
reduced to save the power, however, lighting failure 
may occur at a lower temperature. On the contrary, 
with the current for the discharge lamp set to a 
certain high level, the power consumption cannot 
be sufficiently suppressed. 

It is therefore an object of the present invention 
to provide a apparatus for operating a discharge 
lamp which can sufficiently suppress power con- 
sumption even when a lamp current is set low. and 
hardly causes lighting failure at a low temperature. 

According to one aspect of the present inven- 
tion, there is provided an apparatus for operating a 
discharge lamp which comprises a discharge lamp; 
power supply means, connected to the discharge 
lamp, capable of setting a value of a lamp current 
of the discharge lamp in at least two levels: a DC 
power supply section, connected to the power sup- 
ply means, for supplying a predetermined voltage; 
temperature detecting means, connected to the 
power supply means, for detecting a temperature 
of the discharge lamp or the ambient temperature 
thereof; and control means for performing control 
to allow the lamp current set by the power supply 
means to increase when the temperature detected 
by the temperature detecting means is equal to or 
below a given temperature, and the value of the 
lamp current is set equal to or below a predeter- 
mined value by the power supply means. 

According to another aspect of the present 
invention, there is provided an apparatus for op- 
erating a discharge lamp which comprises a dis- 
charge lamp; power supply means, connected to 
the discharge lamp, capable of setting a value of a 
lamp current of the discharge lamp in at least two 
levels; a DC power supply section, connected to 
the power supply means, for supplying DC vol- 
tages corresponding to the at least two levels; 
temperature detecting means, connected to the 
power supply means, for detecting a temperature 
of the discharge lamp or the ambient temperature 



thereof; and control means for performing control 
to allow the lamp current set by the power supply 
means to increase when the temperature detected 
by the temperature detecting means is equal to or 

5 below a given temperature, and the value of the 
lamp current is set equal to or below a predeter- 
mined value by the power supply means. 

This invention can be more fully understood 
from the following detailed description when taken 

10 in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a diagram illustrating the circuit struc- 
ture of a lighting apparatus for a discharge lamp 
according to one embodiment of the present 

75 invention; 

Fig. 2 is a graph showing the relationship be- 
tween an inverter input voltage and the ambient 
temperature in the operation of the discharge- 
tamp lighting apparatus in Fig. 1; and 

20 Fig. 3 is a diagram illustrating the circuit struc- 
ture of a lighting apparatus for a discharge lamp 
according to another embodiment of the present 
invention. 

One preferred embodiment of the present in- 

25 vention will now be described referring to the ac- 
companying drawings. 

Fig. 1 illustrate the circuit structure a lighting 
apparatus for a discharge tamp according to this 
embodiment of the present invention. A capacitor 

30 C1 and an electrolytic capacitor C2 are connected 
in parallel as fitters via a DC power supply 12 and 
a fuse F1. A variable stable power supply 10 and 
an inverter circuit 20 are connected in series to the 
electrolytic capacitor C2. A temperature detector 

35 30 as temperature detecting means is connected to 
the variable stable power supply 10. A discharge 
lamp 40 is connected to the inverter circuit 20. 

In the variable stable power supply 10, an 
inductor LI (used for accumulating power), a diode 

40 D1 having the polarity shown In Fig. 1 and used for 
preventing a reverse current flow, and the emitter 
of an ON/OFF transistor Q1 are connected in the 
named order to the fuse F1. A bias resistor R1 is 
connected between the base and emitter of the 

45 transistor 01 whose base is connected via a resis- 
tor R2 to an ON/OFF terminal. 

A series circuit including a resistor R3 and a 
diode D2 is connected in parallel to the inductor 
LI . The emitter of the transistor 02 is connected to 

50 a point where the fuse F1 is connected to the 
inductor LI. A bias resistor R4 is connected be- 
tween the emitter and base of the transistor 02 
whose base is connected to the ON/OFF terminal 
via resistors R5 and R6. The transistor Q2 has its 

55 collector connected to a GND terminal via a Zener 
diode ZD1 , resistors R7 and R8 and a diode D3. 

Connected to a connecting point between the 
inductor LI and the diode D1 is the drain of a field- 
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effect transistor Q3 which changes a duty ratio to 
vary the output of the variable stable power supply 
10. The source of the transistor Q3 is connected to 
the GND terminal. A resistor R9 is connected be- 
tween the source and drain of the transistor Q3. A 
capacitor C3 is connected between the cathode of 
the diode D1 and the GND ternninal. A series circuit 
which has a resistor RIO, a variable resistor R11 
and a senni-fixed resistor R9, and a snnoothing 
electrolytic capacitor C4 are connected in parallel 
between the collector of the transistor Q1 and the 
GND terminal. The variable resistor R11 serves as 
a volume to change the dimming of the discharge 
lamp 40. 

"ICI" is, for example, a TL494 IC chip pro- 
duced by Texas Instrument Corp. The IC chip IC1 
has its terminal 1 connected to the GND terminal 
via a capacitor C5. A resistor R13 and a capacitor 
C6 are connected in parallel to each other between 
terminals 2 and 3 of the IC chip IC1 . A connecting 
point between the resistors R7 and R8 is con- 
nected to a terminal 4 of the IC chip IC1. The IC 
chip IC1 also has terminals 5 and 6 connected to 
the GND terminal respectively via a capacitor C7 
and a resistor R14. Terminals 7, 13 and 16 of the 
IC chip IC1 are directly connected to the GND 
terminal. 

The IC chip ICI has terminals 8 and 11 con- 
nected to the collector of the transistor Q2 via a 
parallel circuit including a resistor R15 and a ca- 
pacitor C8, and has a terminal 12 directly con- 
nected to the collector of the transistor Q2. Termi- 
nals 14 and 15 of the IC chip ICl are connected to 
the emitter of a transistor Q4 for selecting an input 
in accordance with switching between the commer- 
cially available AC power supply and the battery, 
for example. A bias resistor R16 is connected 
between the emitter and base of the transistor Q4, 
with an input selecting terminal connected to that 
base. A resistor R18 is connected to the collector 
of the transistor Q4, while a parallel circuit having 
an electrolytic capacitor C9 and a resistor R19 is 
connected via the resistor R18 between the collec- 
tor and the emitter of the transistor Q4. A point 
where the resistor RIB. the electrolytic capacitor 
C9 and the resistor R19 are connected is con- 
nected via a resistor R20 to a parallel circuit having 
a resistor R13 and a capacitor C6, and also con- 
nected to the GND terminal via a resistor R21 . 

The capacitor C9 and resistors R19 and R21 
form a time constant circuit. Even if the time con- 
stant circuit is in a dimming state, it supplies a high 
power to the discharge lamp 40 at the start thereof, 
thereby enabling the lamp to start discharging and 
light up in a reliable manner. Capacitor C9 of the 
time constant circuit prevents a rapid decrease in 
the brightness of the lamp 40 in the case where 
transistor Q4 is changed from ON to OFF by a 



signal supplied from the input selecting terminal. 

The temperature detector 30 has a transistor 
Q5. The transistor Q5 has a collector connected via 
a resistor R22 to the collector of the transistor Q4, 

5 an emitter connected to the emitter of the transistor 
04. and a base connected via a resistor R23 to the 
GND terminal. Connected between the emitter and 
base of the transistor 05 is a thermistor Thi which 
is attached to. for example, the wall of the tube of 

10 the discharge lamp 40. 

The inverter circuit 20 is connected between 
one end of the electrolytic capacitor C4 as the 
positive terminal of the variable stable power sup- 
ply 10. and the other end as the negative terminal 

75 thereof. An intermediate tap Tiat of a primary 
winding T1a of a first transformer T1 is connected 
via an inductor L2 in the inverter circuit 20 to the 
positive terminal of the variable stable power sup- 
ply 10. A resonance capacitor CIO is connected to 

20 the primary winding Tia in parallel. The primary 
winding Tia has one end connected via the collec- 
tor and emitter of a transistor 06 to the negative 
terminal of the variable stable power supply 10. 
The other end of the primary winding T1a is con- 

25 nected via the collector and emitter of a transistor 
07 to the negative terminal of the variable stable 
power supply 10. 

The bases of the transistors 06 and 07 as 
control terminals are connected respectively via 

30 resistors R24 and R25 to a connecting point be- 
tween the inductor L2 and the intermediate tap 
Tiat. A second transformer T2 has its primary 
winding T2a connected in parallel to the primary 
winding Tia of the transformer T1 and the capaci- 

35 tor CIO. The second transformer T2 has a control 
winding T2c connected to the bases of the transis- 
tors 06 and 07. 

The first transformer T1 and the second trans- 
former T2 have the secondary winding Tib and 

40 second winding T2b connected in series via ca- 
pacitors C11 and C12 to the discharge lamp 40, or, 
for example, a cold-cathode tube for a back light 
used in an office automation device. The secon- 
dary winding Tib of the first transformer T1 and 

45 the secondary winding T2b of the second trans- 
former T2 are commonly grounded and are con- 
nected to the negative terminal of the variable 
stable power supply 10. 

The operation of this embodiment will now be 

50 described. 

To begin with, the operation by the commer- 
cially available AC power supply in use will be 
explained. 

When the lighting apparatus is driven by the 
55 commercially available AC power supply, an input 
signal from the input selecting terminal becomes a 
low level, rendering the transistor 04 on and the 
temperature detector 30 off. Voltages to be applied 
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to the terminals 1 , 2 and 4 of the IC chip IC1 are 
raised, and the width of a PWM modulated pulse 
output from the terminals 9 and 10 of the IC chip 
IC1 becomes relatively large. The ON duration of 
the field-effect transistor Q3 increases, and the 
output of the variable stable power supply 10 is 
increased. Even If the thermistor Thi in the tem- 
perature detector 30 detects a temperature equal 
to or below a predetermined temperature, for ex- 
ample, about 15 'C, the temperature detector 30 is 
short-circuited by the transistor Q4, so that the 
output of the variable stable power supply 10 does 
not change. 

When the resistance of the variable resistor 
R11 Is changed to alter the amount of dimming, an 
arbitrary voltage within the range A from 16.5 V to 
24 V in Fig. 2 (range where dimming is possible) is 
held constant, regardless of the temperature. 

The output of the variable stable power supply 
10 becomes constant by changing the resistance 
of the variable resistor R1 1 through feedback con- 
trol. 

The operation with the battery in use will now 
be explained. 

When the lighting apparatus is driven by the 
battery, the input signal from the input selecting 
terminal becomes a high level, rendering the tran- 
sistor Q4 off. The width of a PWM modulated pulse 
output from the terminals 9 and 10 of the IC chip 
IC becomes relatively small. The ON duration of 
the field-effect transistor 03 decreases. The output 
of the variable stable power supply 10 decreases 
so that the brightness of the discharge lamp 40 is 
about 30% of that in the case where the AC power 
Is used. 

When the thermistor Thi of the temperature 
circuit 30 detects a temperature of 1 5 * C or lower, 
the resistance of the thermistor Thi Is raised to 
render the transistor 05 on. The width of a PWM 
modulated pulse output from the terminals 9 and 
10 becomes a little larger, and the ON duration of 
the field-effect transistor Q3 is also increased 
slightly. The output of the variable stable power 
supply 10 is increased so that the brightness of the 
discharge lamp 40 becomes 45% of that in the 
case where the AC power is used, thus preventing 
the lighting failure of the discharge lamp 40. 

If the temperature is 15* C or above, the proper 
voltage is selected within the range of 1 1 V to 1 5 V 
as indicated by B1 or B2 in Fig. 2, for example, by 
changing the resistance of the variable resistor 
R11. If the temperature is below 15* C, the voltage 
increases. In other words, when the temperature is 
below 15* C. the voltage is held at about 15 V. no 
matter where in the range of 11 V to 15 V the set 
voltage is. R19a (broken lines) and R19b (real line) 
in Fig. 2 indicate changes in output of the power 
supply (input of the inverter circuit) when different 



discharge lamps with different resistors R19 are 
used. 

In other words, the output characteristic curves 
indicated by R19a and R19b show the operational 

5 limit of the discharge lamp 40 driven by the battery 
when the resistor R19 is used. 

Whether the AC power or the battery is used, 
the DC current from the variable stable power 
supply 10 is supplied via the inductor 12 for a 

10 constant current and either transistor 01 or Q2 is 
rendered on. so that the inverter circuit 20 is ac- 
tivated. 

In accordance with a control output Induced in 
the control winding T2c, the transistors 06 and 07 

75 are alternately turned on. When the transistor 06 is 
turned on, the current flows in a closed circuit from 
the variable stable power supply 1 0, to the inductor 
L2, to the half of the primary winding Tia of the 
first transformer T1, to the transistor 06, and then 

20 back to the variable stable power supply 10. Thus, 
the capacitor CIO resonates with the primary wind- 
ing Tia, and hence a high frequency voltage hav- 
ing a substantial sine waveform is created in the 
secondary winding Tib. A voltage similar to this 

25 sine wave voltage is created in the secondary 
winding T2a of the second transformer T2, parallel 
connected to the primary winding Tia. The vol- 
tages of the secondary winding Tib of the first 
transformer T1 and the secondary winding T2b of 

30 the second transformer T2 are added to each oth- 
er, and the resultant voltage Is applied to the dis- 
charge lamp 40. 

Then, the resonance voltage is inverted, and 
the transistor 06 is turned off. When the transistor 

35 07 is turned on, the current flows in a closed 
circuit from the variable stable power supply 10, to 
the inductor L2, to the half of the primary winding 
Tia of the first transformer T1, to the second 
transformer T2, and then back to the variable sta- 

40 ble power supply 10. Thus, the capacitor CIO reso- 
nates with the primary winding Tia, and hence a 
high frequency voltage having a substantial sine 
waveform is created in the secondary winding Tib. 
A voltage similar to this sine wave voltage is cre- 

45 ated in the secondary winding T2a of the second 
transformer T2, parallel connected to the primary 
winding Tia. A voltage is induced, in the opposite 
direction to that in the previous case, in the secon- 
dary winding T2b of the second transformer T2. 

50 The voltages of the secondary winding T1b of the 
first transformer T1 and the secondary winding T2b 
of the second transformer T2 are added to each 
other, and the resultant voltage is applied to the 
discharge lamp 40. 

55 According to this embodiment, though the out- 

put of the discharge lamp 40 is reduced to save 
the power with the battery in use, the output of the 
discharge lamp 40 rises when the temperature 
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drops to a predetermined degree or lower. Lighting 
failure can be prevented. The output of the dis- 
charge lamp 40, when the battery is used, can be 
determined in consideration of only lighting failure 
of the discharge lamp 40 at the normal tempera- 
ture. The output of the discharge lamp 40 can 
therefore be suppressed very low to save the pow- 
er sufficiently. Since the output of the discharge 
lamp 40 does not increase at a low temperature 
when the AC power is used, the discharge lamp 40 
is not influenced by the low temperature. 

The voltage of the discharge lamp 40 is ac- 
quired by superimposing the voltages induced in 
the secondary windings T1b and T2b of the first 
and second transformers T1 and T2. respectively. 
Thus, the voltages to be induced in secondary 
windings Tib and T2b can be low, thus permitting 
the first and second transformers T1 and T2 to be 
designed compact. 

The thermistor Th1 in the temperature detector 
30 may be attached not only to the tube wall of the 
discharge lamp 40, but also to the radiating plate of 
the transistor, capacitor, coil or the like. 

Fig. 3 illustrates the circuit structure of a light- 
ing apparatus for a discharge lamp according to 
another embodiment of the present invention. A DC 
power supply 14, which provides a DC voltage 
acquired by rectifying commercially available AC 
power and a battery 16 are connected in parallel to 
each other via power switches SW1 and SW2 
between the Vcc terminal and the GND terminal. 
An input selecting switch SW3 interposed between 
the input switching terminal and ground line is 
associated with the switches SW1 and SW2. The 
other structure in this circuit is the same as that of 
the circuit shown in Fig. 1, so that their otherwise 
redundant description will be omitted. 

In the lighting apparatus with the structure 
shown in Fig. 3, when the switch SW1 is on. and 
the switch SW2 is off, the input selecting switch 
SW3 is on. The DC power supply 14 is thus 
connected between the Vcc terminal and the GND 
terminal. Since the input selecting switch SW3 is 
on this time, the transistor Q4 is rendered on, 
turning off the temperature detector 30. The opera- 
tion associated with this event is the same as that 
in the first embodiment, so that its description will 
be omitted. 

When the switch SW1 is off. and the switch 
SW2 is on, the input selecting switch SW3 is off. 
The battery 16 is therefore connected between the 
Vcc terminal and the GND terminal. Since the input 
selecting switch SW3 is off this time, the transistor 
Q4 Is rendered off. The operation associated with 
this event is the same as that in the first embodi- 
ment, so that its description will be omitted. 

As described above, the type of the power 
supply to be connected is selected by switching 



the input selecting switch SW3. With the battery 14 
in use, even if the output of the discharge lamp 40 
is decreased to save the power, the output of the 
discharge lamp 40 is raised when the temperature 
5 drops to a predetermined value or lower, thus 
preventing lighting failure. 

Claims 

10 1. An apparatus for operating a discharge lamp 
comprising a discharge lamp, power supply 
means, connected to said discharge lamp, ca- 
pable of setting a value of a larnp current of 
said discharge lamp in at least two levels: a 

75 DC power supply section, connected to said 

power supply means, for supplying a predeter- 
mined voltage, and control means for perform- 
ing control to allow said lamp current set by 
said power supply means to be variable when 

20 said value of said lamp current is set equal to 

or below a predetermined value by said power 
supply means, characterized by further com- 
prising, temperature detecting means (30), 
connected to said power supply means (10), 

25 for detecting a temperature of said discharge 

lamp (40) or the ambient temperature thereof, 
characterized in that said control means (IC1) 
performs control to allow said lamp current set 
by said power supply means (10) to increase 

30 said temperature detected by said temperature 

detecting means (30) is equal to or below a 
given temperature, and said value of said lamp 
current of said discharge lamp (40) is set equal 
to or below a predetermined value by said 

35 power supply means (10). 

2. An apparatus according to claim 1, character- 
ized in that said control means (ICl) performs 
control to change a lower limit of said lamp 

40 current set by said power supply means (10) 

and supply said lamp current to said discharge 
lamp (40) when said temperature detected by 
said temperature detecting means (30) is equal 
to or below said given temperature, and said 

45 value of said lamp current of said discharge 

lamp (40) is set equal to or below said pre- 
determined value by said power supply means 
(10). 

50 3. An apparatus according to claim 2, character- 
ized in that said control means (ICl) performs 
control to increase said lower limit of said lamp 
current set by said power supply means (10) 
and supply said lamp current to said discharge 

55 lamp (40) when said temperature detected by 

said temperature detecting means (30) is equal 
to or below said given temperature, and said 
value of said lamp current of said discharge 
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lamp (40) is set equal to or below said pre- 
determined value by said power supply means 
(10). 

4. An apparatus for operating a discharge lamp 5 
comprising a discharge lamp, power supply 
means, connected to said discharge lamp, ca- 
pable of setting a value of a lamp current of 
said discharge lamp in at least two levels; a 

DC power supply section, connected to said io 
power supply means, for supplying a predeter- 
mined voltage corresponding to said at least 
two levels, and control means for performing 
control to allow said lamp current set by said 
power supply means to be variable when said 75 
value of said lamp current Is set equal to or 
below a predetermined value by said power 
supply means, characterized by further com- 
prising, temperature detecting means (30), 
connected to said power supply means (10), 20 
for detecting a temperature of said discharge 
lamp (40) or the ambient temperature thereof, 
characterized in that said control means (ICl) 
performs control to allow said lamp current set 
by said power supply means (10) to increase 25 
said temperature detected by said temperature 
detecting means (30) is equal to or below a 
given temperature, and said value of said lamp 
current of said discharge lamp (40) is set equal 
to or below a predetermined value by said so 
power supply means (10). 

5. An apparatus according to claim 4, character- 
ized in that said control means (ICl) performs 
control to change a lower limit of said lamp 35 
current set by said power supply means (10) 
when said temperature detected by said tem- 
perature detecting means (30) is equal to or 
below said given temperature, and said value 

of said lamp current of said discharge lamp 40 
(40) is set equal to or below said predeter- 
mined value by said power supply means (10). 



for setting said lamp current of said discharge 
lamp high, and a second DC power supply 
section (1 6) for setting said lamp current lower 
than that set by said first DC power supply 
section (14), 

8. An apparatus according to claim 7, character- 
ized by further comprising first switch means 
(SW3) for switching at least between said two 
levels of said lamp current of said discharge 
lamp (40) from said power supply means (10), 
and second switch means (SW1, SW2), con- 
nected between said power supply means (10) 
and said first and second DC power supply 
sections (14. 16), for switching between said 
first DC power supply section (14) and said 
second DC power supply section (16), thereby 
cooperating with said first switch means 
(SW3). 

9. An apparatus according to claim 3, character- 
ized by further comprising switch means (Q4) 
to be turned on and off In accordance with 
switch signals input thereto, and a time con- 
stant circuit having a capacitor element (C9) 
and resistors (R20. R21) and connected in 
parallel to the switch means (Q4), the capacitor 
element (C9) being connected in parallel to the 
switch means(Q4). 

10. An apparatus according to claim 8, character- 
ized by further comprising third switch means 
(Q4) provided for the power supply means 
(1 0), and to be turned on and off in accordance 
with changeover of the second switch means 
(SW1, SW2), and a time constant circuit hav- 
ing a capacitor element (9) and resistors (R20, 
R21) and connected in parallel to the third 
switch means (Q4), the capacitor element (C9) 
k)eing connected In parallel to the third switch 
means (Q4). 



6. An apparatus according to claim 5, character- 
ized in that said control means (ICl) performs 45 
control to increase said lower limit value of 

said lamp current set by said power supply 
means (10) when said temperature detected 
by said temperature detecting means (30) is 
equal to or below said given temperature, and so 
said value of said lamp current of said dis- 
charge lamp (40) is set equal to or below said 
predetermined value by said power supply 
means (10). 

55 

7. An apparatus according to claim 4, character- 
ized in that said DC power supply section 
includes a first DC power supply section (14) 
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